INTRODUCTION
The Bacillus species and related genera are of great concern in the food industries since they produce heat resistant spores. Some species such as B. anthracis and B. cereus are pathogenic to humans and animals (Keim et al., 1997) . B. iicheniformis, B.
subtilis, and B. pumilus comprise the subtilis group. The relevance of the subtilis group as food poisoning organisms has been recognized recently (Turnbull, 1997) . Other species such as B. coagulans and Geobacillus stearothermophilus are of major concern in food production, where they can cause problems in production lines because they are resistant to thermal treatments (Blake and Weimer, 1997) . Furthermore, G. stearothermophilus causes the flat, sour type spoilage of canned milk coffee. B. subtilis and B.
licheniformis are also frequently isolated from various canned foods. In order to optimize the condition of thermal sterilization of processed foods, it is necessary to clarify the target Bacillus species. Recently, the Bacillus species have been grouped into five distinct clusters according to the phylogenetic heterogeneity of the Bacillus genus based on 16S rRNA gene sequences (Ash et al., 1991) . Such phylogenetic studies have led to the creation of new Bacillusderived genera: Alicyclobacillus (Wisotzkey et al., 1992) , Paenibacillus (Ash et al., 1993) , Virgibacillus (Heyndrickx et al., 1998) , Gracilibacillus and Salibacillus (Wain0 et al., 1999) and Geobacillus (Nazina et al., 2001) .
In the traditional approaches to identify a strain of the genus Bacillus, several complicated physiological tests are required. To reduce the labor and time required for their identification, a kit for identification of Bacillus (Berkley et al., 1984) and a random amplified polymorphic DNA (RAPD) fingerprinting assay (Ronimus et al., 1997) have been reported. Ronimus et al.(1997) have reported that the primer with DNA sequence 5'-GGACGACAAG-3' was the most suitable for the identification of the Bacillus species by RAPD assay among 20 primers tested. The first report of the RAPD procedure by Williams et al.(1990) showed how it could be used to identify molecular markers linked to genes of specific interest and discussed the possibility of using this technique to identify genotypes or plant varieties. The RAPD analysis has been applied to the identification and detection of bacteria such as Listeria (Mazurier and Werners, 1992) , Lactobacillus (Du Plessis and Dicks, 1995) and Salmonella (Miyamoto et al., 1998) . Some primers for the RAPD analysis of pathogenic E coli are commercially available (Poulsen and Jensen, 1991) In this study we tested six different commercially available oligonucleotide primers for the simple identification of some Bacillus species and related genera by RAPD analysis. The Bacillus species and related genera isolated from food samples and identified by using the commercially available biochemical screening kit were analyzed by the present RAPD analysis using the selected primer combined with morphological observation of colonies, vegetative cells and spores. shows RAPD band patterns obtained for these strains after 45 cycles of amplification. The RAPD analysis using Primer 2 generated only 1 band with genomic DNA from B. sphaericus and B. subtilis. These strains also showed the same RAPD band pattern with Primer 3. By the use of Primer 3, the RAPD band patterns were also same in B. coagulans and B. pumilus. Similar RAPD band patterns were generated from the DNA of B. licheniformis and G. stearothermophilus with the same primer. With Primer 5, the same RAPD band pattern was generated from B.coagulans and B. sphaericus.
MATERIALS AND METHODS

Strains
The RAPD band patterns generated with Primer 6 were similar between B. circulans and B. macerans.
Different RAPD band patterns were generated from the DNAs of 14 different Bacillus species and related genera with Primer 1 and 4. The results suggested that the single use of Primer 1 or 4 may be effective for the simple identification of some Bacillus strains and related genera frequently detected in foods by RAPD analysis. In this study, Primer 4 was used for RAPD analyses of Bacillus and related genera isolated from food samples.
RAPD band patterns generated with Primer 4 from the DNA of some strains including isolates from food.
Genomic DNA was prepared from some strains of Bacillus and related genera including isolates from foods. Figures 2, 3 and 4 show RAPD band patterns generated from the genomic DNA of some strains with Primer 4.
The 9 strains of B. brevis isolated from food generated a predominant band at 450 bp, the same band which was generated with B. brevis IFO 3331 ( Fig.  2A) . B. brevis isolates also produced bands at 1200 and 1500 bp, which were not produced in B. brevis IFO 3331. It seems that these B. brevis strains generate the same RAPD band at 450 bp with Primer 4. The 4 B. cereus isolates produced the same band pattern by the RAPD analysis with Primer 4 (Fig. 2B ). The patterns were slightly different from that of B. cereus type strain. B. circulans NBRC 13627 generated the same RAPD band pattern with that of the B. circulans type strain, JCM 2504T (Fig. 2C) . B. coagulans NBRC 3557 and 12714 generated slightly different RAPD band patterns from that of the type strain JCM 12583T with Primer 4 (Fig. 2D) . The RAPD band patterns of NBRC 3886 and the 3 strains isolated from foods were quite different from that of the type strain. B. firmus NBRC 3330 generated the same RAPD band pattern with that of B. firmus type strain, JCM 2512T (Fig. 2E) generated RAPD bands at both 700 and 850 bp (Fig.  3E) . The 2 B. pumilus isolates (Fig. 3E , Lane 2 and 3) generated several additional bands, which were different from those of the type strain and other isolates. B. sphaericus NBRC 3525 generated the same RAPD band pattern with that of the type strain JCM 2502T though that of strain NBRC 3527 was slightly different from those of the type strain and NBRC 3525 (Fig. 3F) . A RAPD band at 850 was clearly detected in the type strain , NBRC 3525 and the isolate 31, but was faint in NBRC 3527. G. stearothermophilus IFO 12550T, the type strain, generated a thick band at 750 bp, faint ones at 1500, 1100 and 850 (Fig. 1D,  Lane 12 
DISCUSSION
In this paper, we have shown the usefulness of RAPD analysis using commercially available RAPD analysis primers combined with morphological observations of colonies, vegetative cells and spores for the rapid and simple identification of some Bacillus species and related genera. The genus Bacillus includes a variety of phenotypically heterogeneous species exhibiting physiological and metabolic diversity and DNA base composition. In the traditional approaches to identify a strain of the genus Bacillus, complicated physiological tests are required. Several approaches have been proposed to classify Bacillus species, such as those emphasizing morphological and biochemical properties (Smith et al., 1952) , spore shape and swelling of the sporangium (Gordon et al., 1973) , API test (Berkeley et al., 1984) . Joung and Cote (2002) have evaluated ribosomal RNA gene restriction patterns for the classification of Bacillus species and related genera, and indicated that the patterns can be used to reconstruct the phylogeny of the Bacillus species and derived genera. However, their method was complicated and time-consuming for the purpose of rapidly identifying these species, since their method included 4 henzyme digestion, 20 h-agarose gel electrophoresis for separation of the digests, Southern hybridization and detection by a radioactive probe.
To reduce the labor and time required for identification, a kit for the identification of Bacillus (Berkley et al., 1984) , a RAPD fingerprinting assay (Ronimus et al., 1997) have been reported. Ronimus et al.(1997) have reported that the primer 5'-GGACGACAAG-3' was the most suitable for the identification of Bacillus species among 20 primers tested. They also showed RAPD band patterns generated from the genomic (Damgaard, 1995) .
Although differentiation of B. cereus and B. thuringiensis was also not possible by using oligonucleotide probes directed against the spacer regions between the 16S and 23S rRNA genes (Yamada et al., 1999) 
